(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP1 223 612 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published In accordance with Art. 158(3) EPC 



(43) Date of publication: 

17.07.2002 Bulletin 2002/29 

(21) Application number: 01930048.2 

(22) Date of filing: 1 1 .05.2001 



(51) intCL7: H01L 21/60, H0 1 L 23/29 

(86) International application number: 
PCT/JP01/03922 

(87) International publication number: 

WO 01/86716 (15.11.2001 Gazette 2001/46) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT U LU 
MC NL PT SE TR 

(30) Priority: 12.05.2000 JP 2000140072 

(71 ) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 
CO., LTD. 

Kadoma-shi, Osaka 571-8501 (JP) 



(72) Inventors: 

• ONO, Masahiro 

Sakal-shI, Osaka 593-8308 (JP) 

• SHIRAISHL Tsukasa 
Takatsukl-shi, Osaka 569-0043 (JP) 

(74) Representative: Eisenfuhr, Speiser & Partner 
Martinistrasse 24 
28195 Bremen (DE) 



(54) SEMICONDUCTOR DEVICE MOUNTING CIRCUIT BOARD, METHOD OF PRODUCING THE 
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(57) The invention is intended for providing a semi- 
conductor package structure which prevents degrada- 
tion in characteristics of a semiconductor device and 
breakage of the interconnections when the semiconduc- 
tor device is packaged on a circuit substrate. In the pack- 
age structure having the semiconductor device mount- 
ed on the circuit substrate, bump electrodes of the sem- 
iconductor device are placed on input/output terminal 
electrodes of the circuit substrate and are electrically 
and mechanically connected thereto by bonding with 
conductive adhesive, and the semiconductor device is 
bonded and fixed to the circuit substrate by a resin film 
fonned previously on a surface of the substrate. The 
structure does no damage to a semiconductor functional 
part and to interconnections, and allows mounting with 
a lower load In comparison with structures using con- 
ventional anisotropic conductive films and the like, so 
that heat-press bonding mounting with a high productiv- 
ity and a low cost can be applied. 
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Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to a circuit substrate to be nnountecl with a semiconductor device and a method 
of producing the same. The invention also relates to a method of mounting a semiconductor device with use of such 
a circuit substrate 

BACKGROUND ART 

10 

[0002] As one of techniques for mounting semiconductor devices on a circuit substrate, flip chip mounting methods 
have been known. In one of the methods, bump electrodes arc formed on a surface of a semiconductor chip on the 
sami© side as the function element thereof is formed, and are connected through an adhesive layer to input/output 
terminal electrodes arranged on a circuit substrate. In this method, the bump electrodes are formed of gold (Au). nickel 

75 (Ni) or the like by plating, and for the adhesive layer solder conductive organic adhesive or the like is used. As con- 
ductive organic adhesive, anisotropic conductive film or paste, or the like are used besides isotropic adhesive. 
[0003] Although Solder paste and isotropic conductive adhesive require little load for the connection in packaging, 
anisotropic conductive film and anisotropic conductive paste require to be loaded on the level of 200 g per pin at the 
maximum in packaging processes in order to secure stability of conductivity and reliability. 

20 [0004] Fig. 16 shows an example of conventional flip chip mounting technique using anisotropic conductive resin 
film (see Isao Tsukagoshi et al; "Electronics Jisso Gijutsu," 1997 March, p. 46-49, Gijutsu Chosakai Co., Ltd.). In this 
method, terminal electrodes of a semiconductor substrate are bonded to terminal electrodes of a circuit substrate by 
means of an anisotropic conductive resin film. The anisotropic conductive resin film contains epoxy resin conductive 
particles such as Ni metal particles or Au-coated resin particles as main ingredients of adhesive. In assembly, the 

25 circuit substrate and the semiconductor device are heated under a load and the conductive resin film is interposed and 
pressed between the electrodes, so that the conductive particles in the resin film are brought into contact with one 
another to achieve all the electric connections between the electrodes facing each other. 

[0005] Japanese Patent Publication 8-037206 discloses a method of semiconductor device packaging in which, as 
shown in Figs. 17A to 170, a conductive adhesive sheet 91 being in B-stage is Interposed between dies 92, 92 and 

30 punched out by a punch 93 (Fig. 17A) into small pieces 94 of the conductive sheet each which are aligned with and 
bonded to a corresponding pad electrode 2 on a circuit substrate 1 so as to be used as an adhesive layer (Fig. 1 7B). 
On the other hand, ball bumps 73 are formed on electrode pads 61 of a semiconductor chip 5 (Fig. 17C). In mounting, 
the ball bumps 73 on the semiconductor chip 5 are heated and bonded to the corresponding small pieces 94 of the 
conductive sheet on the circuit substrate 1 so that each of the ball bumps is connected to the corresponding electrode 

35 (Fig. 17D). 

[0006] Japanese Patent Publication 10-199932 discloses a method for packaging a semiconductor device in which 
electrically conductive and plastically deformable bumps are formed on a large number of pad electrodes on a semi- 
conductor chip, are leveled in a height, and such bump on the semiconductor device are pressed to and bonded to, 
the corresponding pads on a circuit substrate. When bonding, adhesive is applied to flat head planes of the leveled 

40 bumps which are joined to the corresponding pads. 

[0007] In recent years, semiconductor devices have Increasingly been required to have high compactness and per- 
forma^nce for use in portable electronic equipment- In order to fulfill the requirements, it is important that semiconductor 
devices to be mounted on and interconnected to circuit substrates should be provided with an increased number of 
pins for input/output terminals with a much smaller pitch between the adjacent terminals and that an area array of 

45 electrodes can be achieved in a 7one where the electrodes can be anranged. This requires further development of 
techniques for achieving narrower-pitch connection. 

[0008] The area array arrangement of electrodes has been established by conventional solder bump methods. The 
solder bump technique has the advantages that stresses acting on the active elements on an integrated circuit chip in 
mounting are relatively small, allowing the integrated circuit chip to sustain no damage. However, the diameter of solder 
so bumps is so large that the electrode arrangement for mounting with area array arrangement has been limited to the 
electrode pitch of about 250 \im if necessity of miniaturizing the processes of substrates and package reliability are 
considered. 

[0009] The above heat-press bonding technique using anisotropic conductive adhesive has been noted from the 
viewpoint of production efficiency Improvement for cost reduction, because productivity In the packaging process is 
55 higher than ever has been expected. 

[0010] In the above heat-press bonding method using anisotropic conductive resin film, by pressing the conductive 
resin film between each of the bump electrodes on the semiconductor chip and the con'esponding bump electrode on 
the substrate, the conductive particles are brought into contact with one another to impart electrical conductivity be- 
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tween the bump electrode on the semiconductor chip and the corresponding bump electrode of the substrate For 
providing the connection between the electrodes, a considerably large load between the electrodes in mounting Is 
required to be, for example, not less than 200 g per bump electrode. This force may damage a semiconductor circuit 
or may cause failures, or breakage, of Al interconnections on the semiconductor substrate. 

[00111 In packaging by using this method, the whole conductive resin is cured while the semiconductor substrate is 
betng pressed with a large force so as to be brought into direct contact with the inpul/oulpul terminal electrodes of Ihe 
circuit substrate, so that stress taking place between the electrodes facing each other produces residual stress within 
the semiconductor substrate, therefore., reducing the perfonnance of the semiconductor circuit. In particular, pressure 
exerting the bump electrodes at the time of mounting may cause the input/output terminal electrodes of the circuit 
substrate to be defomied into fracture In via hole filling in the substrate connected to the electrodes, resulting in faulty 
connections in the circuit substrate. 

[0012] This may happen because in the case of anisotropic conductive resin, conductive particles contained in the 
anisotropic conductive film and silica filled therein for controlling thermal expansion coefficient can stress a surface on 
the side of the semiconductor functional part of the semiconductor chip due to pressure during packaging. 
15 [001 3] In the packaging technique disclosed in Japanese Patent Publication No. 8-037206, there has been a problem* 
that the bonding of a large number of ball bumps to the adhesive layers reduces reliability because the small pieces 
of the conductive sheet punched from a conductive adhesive sheet must be handled. While loads in packaging are 
partially applied only to the vicinity of the electrodes, therefore, reducing damage to the semiconductor device an 
increase in the pressure for ensuring the bonding may cause a risk to destruct via holes beneath the pad electrodes 
because the bump electrodes apply pressure to the pad electrodes on the circuit substrate and stress the pad elec- 
trodes. Another problem is that the conductive adhesive sheet is very weak in adhesive strength for joining the semi- 
conductor device to the circuit substrate, resulting in reducing reliability of the semiconductor package. 
[0014] In the above method of Japanese Patent Publication No. 1 0-1 99932, adhesive is applied to tops of the bumps 
on the semiconductor chip and then the bumps are joined to surfaces of the pads, resulting in unevenness in height 
of the bumps which causes faulty bonding; therefore, in order to improve reliability of all the adhesions between the 
opposing electrodes, the bumps are required to be previously leveled in height. Though the pressing bumps might be 
defomned so as to collapse and bonding could be thereby reinforced, there is a danger that such a defonnatlon might 
result in damage to the semiconductor chip as described above. 

30 DISCLOSURE OF THE INVENTION 

[001 5] It is an object of the present invention to provide a circuit substrate which is to constitute a package structure 
of mounting a semiconductor device thereon which allows connections between electrodes without exerting stress to 
electrodes or degrading in characteristics of the semiconductor device when packaging. 
35 [0016] It is another object of the invention to provide a method lor allowing connections between electrodes without 
development of residual stress between electrodes when mounting a semiconductor device on the circuit substrate, 
and a method of producing such a package structure. 

[0017] The circuit substrate of the invention includes conductive resin adhesive layers which are bonded onto input/ 
output electrodes on a surface of the circuit substrate for connection between electrodes, and a resin film that has 
previously covered the surface of the substrate including the conductive rosin adhesive layers. Bump electrodes cor- 
responding to those, having pointed heads, are formed on electrodes of a semiconductor chip. 
[001 8] When the semiconductor device is mounted on the circuit substrate, the bump electrodes of the semiconductor 
device are pressed toward the electrodes on the circuit substrate such that the sharp pointed heads of the bump 
electrodes pierce the resin film on the circuit substrate and reach the respective conductive adhesive layers The 
conductive adhesive layers receive the bump electrodes, connect thereto fixedly, and relax stresses to be developed 
to the semiconductor device by the bump electrodes, which avoids damaging semiconductor circuits and interconnec- 
tions on the semiconductor device. Even If the heads of some bump electrodes do not reach the padelectrodes because 
of warp in the circuit substrate or unevenness in height of the pointed heads, the pointed heads are received within 
the conductive adhesive layers so that electric connection between the electrodes can be secured by conductivity of 
50 the conductive adhesive layers. 

. [0019] In the present invention, the resin film serves also as a protective coating which protects the pad electrodes 
for the circuit substrate. For the package structure, the resin film has a function of supporting and reinforcing connection 
regions including the bump electrodes and the conductive adhesive layers to integrally join the surface of the substrate 
to a surface of the semiconductor circuit, thus ensuring electric and mechanical reliability of the package structure and 
enabling heat-press packaging suitable for a high productivity. 

[0020] The package structure of the present invention is capable of preventing degradation in characteristics of a 
semiconductorfunctlonal part and failures such as breaks In interconnection that have been problems with conventional 
anisotropic conductive films because the conductive adhesive relaxes stress during packaging. Besides use of con- 
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ductive adhesive allows mounting with a low load, because such a nnounting load as deforms the pad electrodes of 
the circuit substrate is not required. Moreover addition of conductive adhesive having a flexible nature into a junction 
layer leads to provision of the package structure that is more reliable than conventional structures. The package struc- 
ture can be applied as heat-press bonding mounting with a high productivity and a low cost that causes no damage, 
in contrast to typical package structures for integrated circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 



Fig. 1 A shows a schematic cross-sectional view of a circuit substrate according to an embodiment of the invention: 
Fig. 1B shows a schematic cross-sectional view of a multilayercd circuit substrate according to the embodiment 
of the invention: 

Fig. 2A shows an arrangement of the circuit substrate and a semiconductor device in a producing process according 
to a embodiment of the invention: 

Fig. 2B shows a package structure for the semiconductor device in a state where the circuit substrate and the 
semiconductor device shown in Fig. 2A have been assembled; 

Figs. 3A to 3D show processes of producing the circuit substrate according to an embodiment of the invention, in 
schematic cross sectional view; 

Figs. 4A to 4D show processes of another method of producing the circuit substrate according to another embod- 
iment of the invention, in schematic sections; 
Figs. 5A to 5H show processes of a method of producing the circuit substrate according to still another embodiment 
of the invention, in schematic sections; 

Fig. 6A shows a schematic cross-sectional view of a package structure according to an embodiment of the inven- 
ts tion; 

Fig. 6B shows a schematic section of a resin film for a circuit substrate used in the package structure of Fig. 6A; 
Fig. 60 shows a schematic cross-sectional view illustrating a process of assembling the package structure with 
use of the resin film shown in Fig. 68; 

Fig. 7A shows an arrangement of the resin film for a circuit substrate, the circuit substrate, and a semiconductor 
30 device in a producing process according to the embodiment of the invention; 

Fig. 7B shows the package structure assembled with use of the circuit substrate and the resin film of Fig. 7A, in a 
schematic section; 

Fig. 8A shows an arrangement of a circuit substrate and a semiconductor device in a producing process in ac- 
cordance with an embodiment of the invention; 
35 Fig. 8B shows a package structure assembled with use of the circuit substrate of Fig. 8A, in schematic cross- 

sectional view; 

Fig. 9A shows an arrangement of a circuit substrate and a semiconductor device in a producing process in ac- 
cordance with the embodiment of the invention, and Fig. 9B shows a package structure that has been assembled 
with use of the circuit substrate of Fig. 9A, in schematic section; 
40 Fig. 10 is a schematic cross-sectional view of a package structure in accordance with the embodiment of the 

invention; 

Fig. 11 is a schematic cross-sectional view of a package structure used in an embodiment of the invention: 

Fig. 12A is a graph showing the relation between mounting load and connection resistance in the embodiment of 

the invention; 

Fig- 12B is a graph showing changes in connection resistance with respect to temperature in the embodiment; 
Fig. 120 is a graph showing relations between heating-cooling cycle and stability of connection resistance in the 
embodiment of the invention; 

Figs. 13A to 13E are metallographlcal photographs each showing a metal section of a connection part between a 
bump electrode and a conductive adhesive layer In the embodiment In which a glass epoxy substrate was used 
so as a circuit substrate and in which connection was made with amounting load varied as parameter; 

Fig. 13F shows a photomicrograph of a metal section of a connection part between a bump electrode and a con- 
ductive adhesive layer in the embodiment in which a glass ceramic substrate was used; 

Fig. 1 4A shows relations between all-series resistance of all connection portions In an embodiment of the Invention 
ahd repeated heat cycles in a solder heat test; 
55 Fig. 148 shows temperature dependency of all-series resistance in a test on the connection part in the embodiment 

of the Invention; 

Fig. 14C shows relations between number of heating-cooling cycles In a temperature cycling test and connection, 
resistance In the connection part In the embodiment of the Invention; 
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Fig. 1 5 is a metallographical photograph of a metal section of a junction of a package structure In which mounting 
has been executed with use of conductive adhesive and a resin film of the Invention; 

Fig, 16A shows an arrangement of a circuit substrate and a semiconductor device in mounting with use of a con- 
ventional anisotropic conductive film; 

Fig. 16B shows a package structure that has been assembled as shown In Fig. 16A, in a schematic section: and 
Figs. 17A lo 17D are schematic sections showing a method of mounting a semiconductor device in accordance 
with a prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 



[0022] The circuit substrate of the present Invention is a circuit substrate to be mounted with a semiconductor device, 
comprising input/output tenninal electrodes formed on a surface thereof, conductive adhesive layers attached to the 
terminal electrodes, and a resin film fomied on the surface of the substrate so as to cover the terminal electrodes and 
the conductive adhesive layers. 
15 [0023] Such a circuit substrate may be produced as follows. Conductive adhesive may be applied by printing onto 
the input/output terminal electrodes formed on the surface of the substrate and the conductive adhesive layers can be 
thereby formed. After the conductive adhesive layers are cured, the surface of the substrate is coated with the resin 
film so that the film covers the conductive adhesive layers together with the terminal electrodes. 
[0024] The circuit substrate of the invention is used in order that a semiconductor device may be mounted on the 
circuit substrate for producing the package structure of the semiconductor device, (n the package structure, bump 
electrodes on the semiconductor device are electrically connected through conductive adhesive to the input/output 
terminal electrodes on the circuit substrate, and the semiconductor device is bonded and fixed to the circuit substrate 
by the resin film which has previously been formed on the circuit substrate. 

[0025] At the time such a package structure is assembled, the bump electrodes having pointed heads have previously 
been formed on input/output electrodes of the semiconductor device and. on the other hand, the circuit substrate Is 
provided with the input/output tenninal electrodes on the surface of the circuit substrate, the conductive adhesive layers 
applied onto the tenninal electrodes, and a resin film covering the surface of the substrate and the conductive adhesive 
layers. The package structure is assembled and produced as follows. The semiconductor device are pressed to the 
circuit substrate so as to insert the bump electrodes into the resin film melted on the circuit substrate that has been 
heated and to be fixed to the respective conductive adhesive layers, and then the bump electrodes are electrically 
connected to the corresponding tenninal electrodes of the circuit substrate before the resin film Is cured to join the 
semiconductor device to the circuit substrate. 

[0026] In the present invention, at the time of packaging, the conductive adhesive layers, which comprise composite 
material containing conductive particles dispersed in high density In resin component, have already been heated, 
remaining softened. When filler onto Ihe tenninal electrodes on the circuit substrate, the bump electrodes having the 
pointed heads on the semiconductor device have only to reach the softened conductive adhesive layers, but do not 
require so high a pressure as deforms the electrodes of the circuit substrate, i.e., the semiconductor device can be 
joined to the circuit substrate even with a low mounting load. The conductive adhesive on the circuit substrate receives 
the bump electrodes, deforms itself to lessen stress which is to be developed by the reception, and therefore prevents 
residual stress from remaining in the semiconductor device. As a result, degradation in characteristics of the semicon- 
ductor device, breaks in interconnection, and the like can be prevented effectively. 

[0027] ly^oreover, the circuit substrate may originally be provided with the conductive adhesive layers on the elec- 
trodes on the surface of the circuit substrate and with the resin film (film) which fulfy covers the surface of the substrate 
together with the conductive adhesive layers so that semiconductor devices can be packaged by one procedure of 
45 heat-press bonding, thus achieving a packaging operation at a low cost. 

[0028] The conductive adhesive may be prepared by kneading a pasty mixture of a resin component and conductive 
particles as conductive filler. When used, the adhesive is coated, in thin lyaer, to a top surface of each of the input/ 
output tenninal electrodes (i. e., pad electrodes) on the circuit substrate to fonn the conductive adhesive layer. 
[0029] The resin component of the conductive adhesive may be selected from thennoplastic resins and thermosetting 
resins, and epoxy resin may be preferably used in viewpoints of stability, and electric insulation, especially, high-fre- 
quency performance, and strength, especially, high heat resistance. The resin component is solid at ordinary temper- 
atures, and preferably, may be suitably softened or melted when being moderately heating in mounting operation, 
[0030] As the conductive particles, there can be used particles fonned of a metal selected from noble metals of Cu 
Ag, and Au. the iron group of Fe. Ni and Co, the platinum group of Pt. Pd, et aL and other metals such as Zn, and 
55 carbon C. Resin particles coated with metal on surfaces thereof, such as Au-coated resin particles, also can be used. 
[0031] On the other hand, the resin film is made of a resin selected among themiosetting resins which, in the mounting 
operation , can be softened or melted under moderate heat applied to the whole substrate. As such a resin, for example 
thermosetting epoxy resin, silicone resin, urethane resin, polyvinyl chloride resin, phenolic resin, acrylic resin, polyester 
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polycarbonate, and polyacetal can be used, and particularly, epoxy resin may be preferable. 

[0032] The resin film may further contain powdery fillerthai is suitable for viscosity control, expander or reinforcement. 
As the filler, for example, there can be used inorganic particles such as silica SiOg. alumina AI2O3. silicon nitride Si3N4. 
silicon carlDide SiC. and aluminum nitride AIN. In this case, the resin film exhibits insulation. 

[0033] It is preferable for such conduciive adhesive layers to have a thickness not greater than 10 urn on the elec- 
trodes, and it is particularly preferable for the layers lo have a thickness on the order of 0.1 lo Sum. 
[0034] The resin film may contain conduciive particles as the filler, the conductive particles being used, for example, 
as anisotropic conduciive resin film containing suitable metal particles. In this case, the resin film has only lo be insu- 
lattng under no load or pressure in the mounting even when the resin film is sandwiched between the electrodes. 
Electric connections between the electrodes can be provided by the conductive adhesive layers that are separately 
provided on the electrodes. 

[0035] Figs. 1A and 1B show a schematically cross-scclional view of a circuit substrate 1. Input/output terminal 
electrodes 2 are fomned on a surface of the circuit substrate 1 . and. in this example, the terminal electrodes 2 have 
flat top surfaces on which conductive adhesive layers 3 are formed. A resin film 4 is attached and adheres to the whole 
^5 surface of the circuit substrate 1 , in this example, so as to cover the conductive adhesive layers 3 and the input/output 
terminal electrodes 2. Fig. 1A shows an example of a single-layer resin substrate and Fig. 1B shows an example of 
application to a multilayered resin substrate. In the substrate 1 of this example in Fig. IB, there are arranged three 
resin insulating layers 11 a. 11 b, and 1 1 c and interlayer electrodes 1 3 having srecified patterns and interposed between 
the layers, and the upper and lower Interlayer electrodes are connected by conductors, i.e.. via conductors 14. formed 
through the insulating layers 11a. 11b. and 11c. The via conductors 15 on the top surface are connected to the pad 
electrodes 2 on the surface, and electrodes 1 2 for interconnection are provided on a lower surface of the resin insulating 
layer 11c, i.e., the lowermost layer 

[0036] Fig. 2A shows a process of packaging a semiconductor device 5 on the circuit substrate 1 and Fig. 28 shows 
a package structure in which the semiconductor device 5 has been joined to the circuit substrate 1 . 
[0037] In the semiconductor device 5 of this example in Fig. 2A, a semiconductor functional part ((not shown) e.g., 
an integrated circuit portion) and a large number of input/output tenninal electrodes 6 (pad electrodes) connected to 
the semiconductor functional part are formed on a surface of a semiconductor substrate 50 and projection electrodes 
7 (bump electrodes) having pointed heads are formed on the terminal electrodes. 

[0038] As described above, the circuit substrate 1 to receive the semiconductor device 5 is originally formed with 
30 conductive resin adhesive layers 3 positioned on the input/output terminal electrodes 2 on the surface of the circuit 
substrate 1 , corresponding to the bump electrodes 7 of the semiconductor device 5, and with a resin film 4 which covers 
the whole circuit substrate 1 . 

[0039] In the mounting operation, the semiconductor device is sucked by a head heated of a mounting machine 
provided with a heater, and is heated and pressed to the circuit substrate so that the bump electrodes 7 inserted into 
the conresponding conduciive adhesive layers 3 on Ihe substrate, and later, the semlconduclor device is cooled. The 
bump electrodes 7 are thereby bonded to the conductive adhesive layers 3, and the semiconductor substrate 50 of 
the semiconductor device is bonded and fixed onto the circuit substrate 1 by the resin film 4. In this process, the circuit 
substrate also may be preferably heated such that the conductive adhesive 3 and the resin film are softened. 
[0040] Fig. 2B shows the package structure in which the semiconductor device 5 has been mounted on the circuit 
substrate 1 In this structure, the conductive adhesive layers 3 on the circuit substrate receives the bump electrodes 
7 of the semiconductor device 5, and bonds and fixes the bump electrodes 7 by bonding effect of the adhesive layers. 
Further, the resin film 4 having covered the surface of the substrate now fills a gap between the circuit substrate 1 and 
the semiconductor device 5, which bonds the circuit substrate 1 to the semiconductor device 5 and to fix both stably 
[0041] This circuit substrate 1 as described above, configured by fonmation of the adhesive layers on the surface of 
the substrate and by coating of the resin film 4 thereon, may be formed as follows. Input/output terminal electrodes 2 
(pad electrodes) have previously been formed on the surface of the circuit substrate so as to correspond accurately 
to the input/output terminal electrodes 6 of the semiconductor device 5 and, in a process of forming the conductive 
adhesive layers 3. conductive adhesive is preferably applied by printing process onto the input/output terminal elec- 
trodes 2 formed on the surface of the substrate. Alternatively, conductive adhesive transferred onto the bump electrodes 
50 of the device may be transferred again onto the Input/output terminal eleclrodes of the circuit substrate. 

[0042] For the printing process of forming the adhesive layers, Figs. 3A and 3B show an example using screen 
printing. The printing process includes preparation of paste 30 of conductive adhesive from a liquid resin component 
and conductor particles (e.g., silver particles) and required viscosity modifier or the like. As shown in Fig. 3A, a screen 
mask 8 is positioned with respect to the temiinal electrodes 2 on the drcult substrate 1 so as to mask other portion of 
the substrate than the temninal electrodes 2, and the paste 30 is developed on the screen mask 8 by a squeegee 82 
to be applied only onto the temninal electrodes 2 in a required thickness. The conductive adhesive layers 3 are thereby 
applied on the temninal electrodes 2 as shown in Fig. 38, and are subsequently cured. If a solvent-type adhesive is 
used as conductive adhesive, the adheswe can be cured by volatilizing the solvent therein. 
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[0043] In a subsequent resin film coating process, a thermosetting resin film 40 may be used which has previously 
been fomned for the resin film and which has an appropriate adhesive property, in which case, as shown in Fig. 3C. 
the resin film 40 is heated to be softened and is bonded onto the surface of the substrate so as to cover both the 
conductive adhesive and the terminal electrodes 2 thereon. The resin film is heated to such that a surface of the resin 
film 40 sticks for bonding. As a result of this process, as shown In Fig. 3D, the circuit substrate 1 can be obtained on 
which Ihe conductive adhesive and the resin film 4 are slacked. 

[0044] For Ihe bump electrode 7 of Ihe semiconductor device a structure can be used which has a projecting portion 
70 at an extremity thereof and is capable of piercing the resin film 4 and the conductive adhesive layer 3. For example, 
there can be used projected conductive electrodes 7 made with use of wire bonding method, or projected electrodes 
7 formed with use of electroplating or electroless plating method. In particular, projection electrodes shaped by plucking 
away molten metal using the wire bonding method may be used as the bump electrodes 7, and, in mounting operation, 
the pointed head of each of the bump electrodes can produce an increased force to pierce into the resin film 4 at the 
time of mounting, providing stable connections between the electrodes by pressing with a lower load to the substrate. 
For such bump electrodes, for example, low-melting metal or alloy thereof, containing Au, Sn, Ag, Pb, Bi, Zn. Sb, Pd[ 
C, Pt, or the like may be used. The pointed heads of the bump electrodes preferably may have a rectangular, circular 
or elliptical shape with a size of one side or a diameter of an extremity thereof not greater than about 20 urn. It is 
particularly preferable for the size of the pointed heads to be not greater than 1 0 pm. 

[0045] Another method of producing the circuit substrate may include the steps of: previously forming the conductive 
adhesive layers 3 on the separate resin film 40 as described above to prepare the resin film 4: covering the circuit 
substrate with the resin film 40 for the conductive adhesive layers to face the input/output tenninal electrodes of the 
circuit substrate 1 ; and bonding the resin film to the substrate. In order to fomi the conductive adhesive layers 3 on 
the resin film 40, there can be used a method of applying conductive adhesive paste 30 onto the thermoplastic resin 
film by printing process with a pattern con-esponding to an arrangement of the temiinal electrodes 2 on the circuit 
substrate 1 . 

[0046} In Fig. 4A, a separate resin film 40 is coated with conductive adhesive paste 30 in a specified thickness, by 
printing with use of the printing screen mask 8 and the squeegee .82. The conductive adhesive applied may preferably 
be cured. Patterned conductive adhesive layers 3 are thereby fonned on the resin film 40 as shown in Fig. 4B. 
[0047] As shown in Fig. 4C, the resin film 40 having the conductive adhesive layers thereon is bonded onto the circuit 
substrate 1 such that the conductive adhesive layers 3 accurately oppose to the respective input/output terminal elec- 
trodes 2 on the circuit substrate and cover the terminal electrodes 2. For bonding, the resin film 40 is heated to such 
an extent that a surface of the resin film is sticking. Thus, this process, as shown in Fig. 4D. can provide the circuit 
substrate to which the conductive adhesive layers 3 and the resin film 4 are integrated. 

[0048] Another method of fomriing the conductive adhesive layers 3 on the resin film 40, as shown in Figs. 5A to 5F. 
when preparing the resin film 4, may include: bonding initially a masking sheet 81 onto a resin film 40: and boring 
through holes 85 with a specified pattern through the bonded masking sheet 81 to form a mask 8. 
[0049] In this method, the through holes 85 are bored through the masking sheet 81 so as to coincide with positions 
on the resin film 40 that correspond to the terminal electrodes 2 on the circuit substrate 1 . The through holes 85 end 
at a surface of the substrate that makes bottom surfaces thereof and are filled with conductive adhesive paste 30. After 
the filling, only the masking sheet 81 is removed. With the removal of the masking sheet 81 . the paste 30 that has filled 
the through holes 85 remains as the conductive adhesive layers 3 with a desired pattern on the circuit substrate. The 
masking sheet 81 is preferably composed of two layers, i.e., a separate resin sheet 84 to be bonded onto the resin 
film 40 and a release sheet 83 that adheres onto the sheet 84. The through holes are fonned so as to pierce the resin 
sheet 84 and the release sheet 83. The masking sheet composed of two layers has an advantage in improving fomi- 
ability of conductive adhesive, for the following reason. At the time of filling, the conductive adhesive paste 30 is left 
also on the release sheet 83 outside the through holes, and there is a fear that conductive adhesive inside the through 
holes might be exfoliated and removed simultaneously with the removal of the resin sheet 84 if the paste that has 
overflowed the through holes is cured. If only the release sheet 83 can immediately be stripped off while the paste 
being in a soft state after filling, however, conductive adhesive can be reliably and fully fed only into the through holes 
and the cured resin sheet 84 has only to be stripped off afterward. 

[0050] In the method of producing the circuit substrate 1, which is shown in Figs. 5A to 5H, in detail, the separate 
resin sheet 84 and the release sheet 83 stacked on the sheet 48 are initially bonded as the masking sheet 81 onto the 
resin film 40. as shown in Fig. 5A. Because the resin film 40 is to be the resin film 4 when the resin sheet 84 and the 
release sheet 83 are removed later, those are used which can easily be separated from the resin film 40. For the 
release sheet 83, Teflon, cellophane, polyethylene terephthalate). silicone, or the like, may be used which is non- 
adhesive and have releasable property. For the resin sheet 84 may be used, for example, resin soluble in acid or alkali, 
such as polyacetal, polycarbonate, epoxy resin, phenolic resin and polyester 

[0051] In the next step, as shown in Fig. SB, the through holes 85 through the resin sheet 84 and the release sheet 
83 both stacked on the resin film 40 are accurately positioned to the corresponding terminal electrodes 2 provided on 
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the circuit substrate 1. The resin sheet 84 and the release sheet 83 are scanned witn a laser beam, and positions 
therein corresponding lo the terminal electrodes 2 are illuminated with the laser beam to be heated and melted so that 
the through holes 85 are opened end fomied. 

[0052] The through holes can be formed by ultraviolet irradiation instead of the laser irradiation. In ultraviolet irradi- 
5 aiion method, resin sensitive lo ultraviolet rays is used. As the resin for this purpose, ultraviolet curing epoxy or acrylic 
resin can be used preferably. When portions lo be opened of uncured release sheet 83 are masked for inlerceplion of 
rays of lighl and the sheel is irradialed with ullraviolel i ays in this melhod. portions of Ihe resin olher lhan Ihe masked 
portions are cured whereas the poilions lo be opened directly under the intercepting mask remain uncured. Then 
removal of the uncured portions results in formation of the through holes. 
10 [0053] In the next step, as shown in Figs. 5C and 5D. paste 30 of conductive adhesive is extended on the release 
sheet 83 with the squeegee 82, so that the through holes are filled with the paste. The embedded paste 30 of conductive 
adhesive is then cured. If solvent-type resin is used in the conductive adhesive, the adhesive can be cured by vapor- 
ization of its solvent. After that, the release sheel 83 is pealed off as shown in Fig 5E and acid-soluble resin of the 
resin sheet is removed, as shown in Fig. 5R by acid treatment with hydrochloric acid, sulfuric acid or the like. 
15 [0054] The resin film 40 thus having the patterned conductive adhesive layers 3 is bonded onto a circuit substrate 
as shown In Fig 5G For bonding, a method of heating the resin film 40 to a temperature range is employed in which 
the resin film is softened so as to adhere lo the surface thereof. Thus, as shown in Fig. 5H, the circuit substrate 1 in 
which the conductive adhesive is integrated with the resin film 4 can be obtained. 

[0055] In a package structure using the circuit substrate of the invention in which the bump electrodes of a semicon- 
20 ductor device are electrically and mechanically connected to input/output tenmlnal electrodes 2 of the circuit substrate 
1 through conductive adhesive, the semiconductor device being bonded by a resin film 4 formed previously on the 
circuit substrate 1 , an elastomer layer, which is elastically softer than the resin film 4 or sealing resin, may be interposed 
between the semiconductor device and the resin film 4. 

[0056] In a method of producing the package structure, the semiconductor device 5 has the bump electrodes 7, the 
25 circuit substrate has the input/output tenninal electrodes 2 on the surface thereof, and a separate resin film 4 is pre- 
viously provided with conductive adhesive layers 3 corresponding to the temninal electrodes 2 of the circuit substrate 
1 , on one side of the film, and with an elastomer layer corresponding to the semiconductor device 5, on the other side 
of the film. 

[0057] In this embodiment, the circuit substrate 1 has a substrate body on which terminal electrodes 2 as described 
30 above are arranged, conductive adhesive layers 3 on the tenninal electrodes 2, a resin film 4 covering the layers, a 
elastomer layer provided on the resin film 4. The elastomer layer on the circuit substrate 1 may be interposed between 
a semiconductor functional part of the semiconductor device 5 and the resin film 4 on the circuit substrate, then con- 
stituting a package structure. 

[0058] As the elastomer layer, a layer of synthetic resin (including elastic synthetic rubber) may be used which is 
35 softer and has a lower elasticity modulus than the resin film 4, In this arrangement, al least the semiconductor functional 
part of the semiconductor device 5 is protected by the elastomer layer. The elastomer absorbs and reduces a stress 
that acts through the rigid resin film 4 or an impulsive force from outside, and therefore prevents damage to and deg- 
radation in function of the semiconductor functional part. e.g.. an integrated circuit portion on a semiconductor substrate 
50. 

40 [0059] The elastomer layer may preferably be a silicone elastmcr layer with respect to the resin film 4 of epoxy. 

[0060] Fig. 6A shows an example of package structure having the elastomer layer 9, in which the bump electrodes 
7 fomned on the input/output temninal electrodes 6 (pad electrodes) of the semiconductor device 5 are connected and 
fixed to the temninal electrodes 2 of the circuit substrate 1 through the conductive adhesive; the peripheries of con- 
necting portions between the electrodes 2 and 7 are reinforced by a resin film 4; the elastomer layer 9 of silicone mbber 

45 is provided between the resin film of epoxy and"the surface of the semiconductor device 5 on which a semiconductor 
functional part 51 is arranged; and the elastomer layer 9 isolates the resin film which is rigid. This can thus reduce 
damage to the functional element on the semiconductor device 5. Further, the conductive adhesive can relax stresses 
developed when packaging and thereby avoid deteriorating characteristics of the elements and breaking interconnec- 
tions. 

50 [0061 ] Fig. 6B shows a resin film 40 used on the circuit substrate 1 for use in the package structure wherein the resin 
film has conductive adhesive layers 3 In a specified pattern on one surfaces thereof and has an elastomer layer 9 fixed 
to the other surface. In this example, the elastomer layer 9 is positioned so as to face the semiconductor functional 
part 51 of the semiconductor device 5 when it is incorporated into the package structure. 

[0062] Figs. 6A and 6C show a process of assembling the package structure with use of the resfn film 40 to whrch 
55 the elastomer layer 9 is attached, and show the resultant package structure. In assembling, the conductive adhesive 
layers 3 on the one surface of the resin film are made to con-espond to the tenninal electrodes 2 of the circuit substrate 
1 , and the semiconductor device 5 is placed correspondingly on the other surface of the resin film 40 having the 
elastomer layer 9 so that the elastomer layer 9 is positioned on the semiconductor functional part 51 . In a softened 
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state of the resin film 40 during heating., the semiconductor device 5 is pressed toward the circuit substrate 1 so that 
the bump electrodes 7 on the terminal electrodes (pads) 6 may pierce the resin film 40 and reach the conductive 
adhesive layers 3, achieving connections. The resin film 40 fills a space between the circuit substrate and the semi- 
conductor device 5, making the elastomer layer 9 pad onto the semiconductor device 5. and bonds integrally the 

5 semiconductor device 5 with the circuit substrate 1 . 

[0063] Figs. 7A and 7B show another example of assembly using the elastomer layer 9. In Rg 7A the elastomer 
layer has previously been attached or bonded to the semiconductor device 5. In Fig. 7B, by pressing the semiconduclor 
device 5 toward the circuit substrate 1 in the same manner as shown in Rg. 6C. the bump electrodes 7 of the semi- 
conductor device 5 is pierced into the resin film 40, reaching the conductive adhesive layers 3. and further the resin 

10 film 40 presses the elastomer layer 9 to the semiconductor device 5 and integrates the semiconductor device 5 with 
the circuit substrate 1 . 

[0064] In a package stmcture of a third embodiment of the invention, a space between a circuit substrate and a 
semiconductor devtee may be filled with liquid sealing resin together with the resin film. In a method of producing such 
a circuit substrate 1 , such liquid sealing resin may be used Instead of the resin film or with the rosin film on which the 
'5 liquid sealing resin is applied. 

[0065] Using the liquid sealing resin, a sealing resin may be porous. The existence of airbubbles in the sealing resin 
provides an advantageous structure in that the semiconductor device does not reduce much in high-frequency properly 
because a dielectric constant of air is apparently lower than that of resin, such a sealing resin may contain foaming 
components which generate air bubbles when the resin components react to be cured. After curing the air bubbles 
generated in the liquid resin remain as pores, the sealing resin being porous. A content of the airbubbles can be 
changed, for example, by controlling quantities of reactive diluent and the like. 

[0066] In use of liquid resin, as shown in Fig. 8A. liquid sealing resin is coated or dropped onto the resin film 4 on 
the circuit substrate; the semiconductor device is pressed toward the circuit substrate; the bump electrodes 7 then is 
pierced into the resin film 4 to reach the conductive adhesive layers 3 and to make connections to the temiinal electrodes 
2, becoming contact with the liquid sealing resin residing on the resin film 4; and the liquid sealing resin is filled in a 
space between the circuit substrate 1 and the semiconductor device 5 to bond both the substrate and the device 
together after cured. Rg. SB shows the package structure assembled in such a manner The package structure shown 
in Fig. 8B exhibits an example where the liquid sealing resin is foaming resin which contains air bubbles 44 coexisting 
[0067] Figs. 9A and 9B show an example in which temiinal electrodes 2 on a circuit substrate are covered only wrth 
liquid sealing resin, without using resin film. In Figs. 9A and 98, bump electrodes 7 on tenninal electrodes (pads) of a 
semiconductor device 5 are connected to conductive adhesive on the temiinal electrodes 2 of the circuit substrate 1 
and the sealing resin is filled in a space between the semiconductor device 5 and the circuit substrate 1 which are sealed' 
[0068] Fig. 1 0 shows an example where air bubbles 44 are made to remain in sealing resin filling a space between 
a semiconductor device 5 and a circuit substrate 1 so that the resin is made porous. A package structure having such 
air bubbles 44 prevents a high-frequency properly of Ihe semiconduclor device 5 from reducing. The liquid sealinq 
resin contains foaming components to foam when cured. 
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Embodiments: 
•^o [Embodiment 1] 

[0069] Fig. 1 1 shows a schematic section of a package structure for a semiconductor device 5 used in a test that 
will be descnbed below, i.e.. the structure in which bump electrodes of the semfconductor device 5 are mounted on 
input/output temiinal electrodes of a circuit substrate with junction layers between and which is reinforced with sealina 
•♦5 resin. 

[0070] In embodiment 1 . Au bumps fomied as the bump electrodes by wire bonding mettiod were mounted on the 
terminal electrodes of the circuit substrate through conductive adhesive as the junction layers, and sealed with eooxv 
sealing resin was executed. ' 
[0071] In conventional example 1, Ni-Au electroless plated bumps were used as the bump electrodes and solder 
as the junction layers and ultraviolet curing epoxy resin as the sealing resin were used. 

[0072] In each of the embodiment and the conventional example, a package structure for n-channel MOS transistor 
was produced and deterioration of the transistor was examined by a change in threshold voltage 
[0073] In results of the test, the n-channel MOS transistor of the embodiment exhibited a change in threshold voltaqe 
not greater than 0.7% with respect to a mounting load of 1 g per bump. 

[0074J In the conventional soldering method, by contrast, a threshold voltage of the n-channel MOS transistor 
changed by approximately 10% in comparison with that in an initial stage, after the mounting with a mounting load of 
10 g per bump. » ou«i 

[0075] Other package structures for SRAM according to the embodiment of the invention were produced in the same 
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manner under nnounling loads of 1 g and 20 g per bump, and achieved in goDd connections after Ihe mounting, with 
no bit error (0/228) occurring due to the mounting operation. 

[0076] In consideration of these results. It is found that, in the soldering method of the conventional example, the 
junction layers has no component capable of relaxing a shrinkage stress which acts when the sealing resin is cured 
so that the stress acts directly on the semiconductor device and changes its threshold voltages. On the contrast in 
the embodimenl. soft conductive adhesive as junction layers can relax a curing shrinkage stress caused by the sealing 
resin, and therefore no stress acts on a semiconductor subslrale of the semiconductor device, so that the satisfactory 
result can be obtained. A result of stress analysis also indicates that the package structure using the conductive ad- 
hesive layers 3 can hardly produce stress therein Therefore, it should be understood that conductive resin adhesive 
is an effective component for the stress relaxation.. 

[0077] As an conventional example, tests of packaging a semiconductor device were conducted using a conventional 
anisotropic conductive film 49 shown schematically in Fig. 16A. Herein, bump electrodes of the semiconductor device 
were Au bumps formed with use of wire bonding method, and there were used two types of circuit substrates, i.e.. a 
ceramic substrate and a glass-epoxy substrate (a glass-fiber-reinforced epoxy substrate, herelnafterthe same) (FR4) 
and the anisotropic conductive film having a thickness of 70 um and containing Ni filler with a diameter of 5 um. The 
packaging tests were conducted In which a mounting load between the bump electrodes of the semiconductor device 
and the circuit substrate was varied within a range from 10 to 80 g per bump electrode. 

[0078] Fig. 12A shows relations between initial connection resistances per bump after the mounting and the bump 
loads. The connection resistance includes electric resistances of the terminal electrode and the Au bump of the sem- 
iconductor device, and an electric resistance of the anisotropic conductive film. As for the ceramic substrate, initial 
connection was not obtained unless a mounting load not less than 80 g per bump was achieved. As for the glass epoxy 
substrate, the resistance was found to be unstable unless an initial load not less than 40 g per bump was applied. 
[0079] Fig, 1 2B shows a change in resistance with respect to temperature In each sample, and the resistance change 
for the glass epoxy substrate {FR4) was found to be stable with mounting loads not less than 40 g per bump. Results 
of a heat shock test (a heat cycle in liquid phase is from -55 to 1 25*0) shown in Fig. 12C, however were unstable with 
a mounting load of 40 g per bump and stable with 80 g per bump. 

[0080] Figs. 13A to 13E are a series of photomicrographs obtained by microscopic observation In the vicinity of an 
electrode In a cross section of a package structure In which loads for bonding varied from 5 to 40 g per bump using a 
glass-epoxy substrate (FR4) as a circuit substrate and. In each of these photographs, a pad electrode fixed to the 
circuit substrate is shown on the lower side and a bump electrode on the side of a semiconductor chip is shown on the 
upper side. These photographs indicate that deformation of the bump electrode was caused with mounting loads on 
the order of 15 g per bump or larger. 

[0081] Fig. 13F shows a photomicrograph of a cross section in the case of using a ceramic substrate. This substrate 
having rigidity, input/output terminal electrodes were not deformed even with a mounting load of 80 g per bump, but 
unstable initial connection might develop faulty connection under the temperature characteristic of Fig. 12B. 

Embodiment 2 



[0082] Packaging tests were conducted with use of a circuit substrate of the invention. A glass-epoxy substrate (FR4) 
was used as the circuit substrate and the package structure shown in Figs. 2A and 2B was tested. An epoxy resin film 
having a thickness of 50 jxm was attached onto a surface of the circuit substrate including top surfaces of input/output 
terminal electrodes. 

[0083] As bump electrodes of a semiconductor device. Au bumps with a size of the pointed head of 20 hjt» square 
were formed according to wire bonding method. In the mounting structure, the semiconductor device 5 had the bump 
electrodes on the chip pressed on and connected to the input/output terminal electrodes of the circuit substrate having 
the resin film previously bonded thereto, and the structure was reinforced by sealing resin filled in a space between 
the resin film and the chip. The tests were conducted with a variation of loads for pressing the bumps of the semicon- 
ductor device to the electrodes on the circuit substrate. 

[0084] The package structure obtained was tested on initial connection performance with respect to the mounting 
loads per bump and on con nectlon performance after reflowing and. in addit^ : . tests were made of heating the structure 
repeatedly five times at 270''C. 

[0085] Table 1 shows the test results. Samples having this package st= :ure exhibited stable and good electrical 
and mechanical connection performance over all the connections between the bump electrodes and the pad etectrodes. 
with pressure with loads not lower than 20 g per bump at the time of the mounting. 



Table 1 



Mounting load (g/bump) 



10 



20 



40 
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Table 1 (continued) 



15 



20 



25 



30 



Connectability after mounting 


Good 


Good 


Good 


Good 


Connectabllity after reflow (240'=C) 


Failure 


Good 


Good 


Good 


Solder heat test(f ive times at 270*»C) 


Failure 


Failure 


Good 


Good 



[0086] Fig. 14A shows ? change in the resistance of the junction portions in each stage of the solder heat tests In 
the solder heat tests, samples with mounting loads not lower than 20 g per bump show no change in junction resistance 
even when heating Is repeated 5 cycles at 270^C. 

[0087] Fig. 14B shoes stable ::onnection perfonnance in temperature characteristics of. the junction resistance, and 
it was found that a satisfactory result was obtained. 

[0088] Fig. 1 4C shows a result of a repetition test between heating (+1 and cooling (-40-C) (temperature cycling 
test) run on eight samples having the obtained package structure (united with a mounting load of 20 g per bump) 
There is little change in all series connection resistance of all the junction portions even after 1000 cycles, and there 
IS no substantial difference in the resistance change among the eight samples. 

[0089] Fig. 15 is a photograph showing a cross section of a junction portion including a bump electrode and a pad 
electrode in a package structure of the embodiment produced with a mounting load of 20 g per bump and shows that 
the inpuVoutput temiinal electrodes of a substrate thereof are not deformed under the load, which makes packaging 
with a low stress possible. It is found from the above test results that stable connection can be obtained with lower 
loads than in the packaging method of using the conventional anisotropic conductive film. 

INDUSTRIAL APPLICABILITY 

[0090] The circuit substrate of the invention and the method of producing the same can be utilized for producing and 
using substrates which are provided for the electrical industry, particularly for the semiconductor manufacturing industry 
The invention of the method of producing the package stmcture of a semiconductor device can be widely used for 
production and use of semiconductor package structures in the electrical Industry, particularly in the semiconductor 
manufacturing industry. 



Claims 
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1 . A circuit substrate for packaging a semiconductor device, the circuit substrate comprising: 

input/output temninal electrodes formed on a surface of a main body of the substrate; 
conductive adhesive layers adhering onto the tenninal electrodes; and 

a resin film fonned on the surface of the substrate so as to cover the conductive adhesive layers together with 
the terminal electrodes. 

2. A circuit substrate to be mounted with a semiconductor device, wherein the circuit substrate comprises: 

a main body of the circuit substrate having input/output terminal electrodes an-anged on a surface thereof- 
a resin film provided with conductive adhesive layers and an elastomer layer thereon wherein the elastomer 
layer is previously placed on a surface opposite to a surface on which the conductive adhesive layers are 
fomned and in a position corresponding to at least a part of a surface of the semiconductor device on which a 
functional part of the semiconductor device resides, and the conductive adhesive layers are placed in positions 
on the surface of the resin film corresponding to the terminal electrodes on the surface of the main body of 
the circuit substrate. 

3. A method of producing a circuit substrate to be mounted with a semiconductor device, the method comprising: 

applying conductive.adhesive by printing onto input/output temiinal electrodes formed on a surface of a main 
body of the substrate and thereby forming conductive adhesive layers; and 

after curing the conductive adhesive layers, coating the surface of the substrate with a resin film so as to cover 
the conductive adhesive layers and the terminal electrodes. 

4. A method of producing a ciiruit substrate for packaging a semiconductor device, the method comprising: 
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forming previously conductive adhesive layers on a separate resin film to prepare the resin film; 
covering the circuit substrate with the resin film so that the conductive adhesive layers face input/output ter- 
minal electrodes of the circuit substrate: and 
bonding the resin film to the circuit substrate. 

5 

5. The method of producing a circuit substrate accoiding to Claim 4. wherein conductive adhesive paste is previously 
applied onlo ihe resin film by printing process with a pattern so as to form the conductive adhesive layers and Ihe 

resin film is thereby prepared. 

'0 6. The method of producing a circuit substrate according to Claim 4, wherein the preparation of the resin film com- 
prises bonding a masking sheet onto the resin film, thereafter boring through holes that extend through the masking 
sheet, filling the through holes with conductive adhesive, and thereafter removing the masking sheet. 

7. The method of producing a circuit substrate according to Claim 6, wherein the masking sheet comprises a resin 
15 sheet that is to be bonded onto the resin film and a release sheet that is releasably stuck on the resin sheet. 

8. The method of producing a circuit substrate according to Claim 4. wherein the method for boring comprises per- 
forating the through holes through the masking sheet by laser illumination. 

20 9. The method of croducing a circuit substrate according to claim 4. wherein the method of boring comprises perfo- 
rating the through holes through the masking sheet by ultraviolet illumination. 

10. A package structure having a semiconductor device mounted on a circuit substrate, in which: 

bump electrodes of the semiconductor device are electrically and mechanically connected to conductive ad- 
hesive placed on input/output terminal electrodes provided on the circuit substrate, 

the semiconductor device and the circuit substrate are bonded and fixed to each other through medium of a 
resin film or sealing resin in a space between the semiconductor device and the circuit substrate, and 
an elastomer layer that is softer and more elastic than the resin film or the sealing resin is interposed between 
^ a functional part of the semiconductor device and the resin film or the sealing resin. 

1 1 . A method of producing a package structure having a semiconductor device mounted on a circuit substrate, wherein: 
the semiconductor device has bump electrodes, the circuit substrate has Input/output temninal electrodes on a 
surface of the substrate, the method comprising: 

35 

applying conductive adhesive layers onto the tenminal electrodes of the substrate; 
covering a resin film on the surface of the substrate including the conductive adhesive layers; 
pressing the bump electrodes of the semiconductor device into the resin film melted on the circuit substrate 
by heating to penetrate through and fixed to the conductive adhesive layers, then the bump electrodes being 
^ electrically connected to the corresponding terminal electrodes of the substrate; and 

subsequently curing the resin film to join the semiconductor device to the circuit substrate. 

12. The method of producing a package structure according to claim 11 , wherein liquid sealing resin is used instead 
of the resin film or with together the resin film on which the liquid sealing resin is applied. 



45 



1 3. A method of producing a package structure having a semiconductor device mounted on a circuit substrate, wherein: 



the semiconductor device has bump electrodes, the circuit substrate has input/output temninal electrodes on 
a surface of the substrate, a separate resin film has conductive adhesive layers corresponding to the terminal 
50 electrodes of the circuit substrate, on one surface of the film, and has an elastomer layer corresponding to the 

semiconductor device, on the other surface of the film, the method comprises: 

positioning the resin film correctly on the circuit substrate; 

pressing the bump electrodes of the semiconductor device into the resin film melted on the heated circuit 
55 substrate to reach the conductive adhesive layers, and are connected to the corresponding terminal elec- 

trodes of the substrate. 

curing and the resin film to join the semconductor device to the circuit substrate. 
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A method of producing a package structure, according to claim 1 1 ., wherein the semiconductor device has bump 
e ectrodes and an elastomer layer bonded onto a part of a surface corresponding a semiconductor functional part 
of the semiconductor device, and the package structure has the elastomer layer interposed between the resin 
layer and the semiconductor device. 
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Fig. 1A 




Fig. 1 B 
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Fig. 2 A 
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Fig. 3 A 
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Fig. 4 A 
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Fig.4C 




Fig.4D 
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Fig. 6 A 
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Fig. 7 A 




Fig. 7B 
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Fig. 8 A 
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Fig. 9B 
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Fig. 12A 
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Fig. 14A 



Solder heat test ( 270'C ) 
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Temperature cycling test ( —40 through +125'C ) 
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Fig. 15 
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Fig. 1 6 A 
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Fig, 1 7 A 
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